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Ikp.II1,lIleI11 of Ml~rohllllll~)', 11...1111011 y Capl I mpll.ll. M, drld. SpJII1
(:Iill 1\ fi(m"i,,1 III/i'o 21J11(I; (, (SlIpl'l.:lIlenr 3): lJ5-97
r~-l.1n,lI1lJ,e productlOIl " dH' prinCIpal and wldesllJ'l'ad
IIll'Ch.llllStll of rl"I'I,1I10: to ~-betalll annblOlics atllOll~
Cralll-II"!..'Jnvl' ha({lTla Thcsl' cn7YIIH'S prob,lbly havl' a
pll{cnll,d tOl e"olvc ro CIIZ\'1111:' "hie l(l hydr"lyzl: all1losr ,lny
m'w ~-I.ICl.lI11 tlloll:cllk. AmonI' 13-1.1 '[,1111,1 l", two ~roups
have hl:en t'xtenslvt'ly dcscnt>ed: chromosotllally aud I'bsnlld-
ellLolit: I cnzyme, [1-.11, Most tllcl1Iber.o o( /~III/'",lltl(ll'rinn'(1('
pf'llcluce Croup I ( tllpC tyPl') chrol1l sOllni cephalmpor-
lI1,l<es, thl' induClhlt' t:xl'rl'ssl n 'l(,\lllCh I> I't:gub[ed a cordin~
10 1',II1icul.lr gl:l1l'ric control Illechanl5111s III st:vt'ral pecic',
Onl: f thl' tll,lJor I'rohlt'11I\ III nlrrelll ~-b({atll [herolpy IS rhe
ril1'h1 Jnd C0I1'1,1I1t l'lIler~l'IlCe ,) high-level reSblJllt
1:lllt',,'//l/o/'r v:m,lIlts dUring rher:lpy wah third-gener.mon
'l'rh,llo'ponl1', In 1ll0q cases, rhese Van;l1lb l-omtilL1t1vel
producl: chrnllloslllll.ll Illp. ~-laetall1a,C', fi'equt'ntly .1\ a
rl'<;uIr ll( l1l11tatlou, In thl: "mI,D genl', They recycle llll'
,llIh dro-trIpl'ptidt: cell wall derivative rhat sl:rvcs a ,I pmlll"l'
\i~'11al fcH 'lillI'/{, rhu.s In 'rt'asil1g IIII1PC tI':In\cnpnon 141, Su 'h
nllll.lrll\ :II'I: generally I're~elll ill til<' nrlgin. I 1'0l'uLHlnn ar a
rcl:lIIvely IlIgh proportiol1. I() I, to Ill'. AntihlOtlcs such as
cc!olaXlIl1C or ccfr;lz"llll1e are el ICll'I1t1y hydrolyzed hy lht:
Al11pC l'1I2Yl11l'; rhll~, COlt'illlllll e hYl'crproJuccr v;malll, L n
rl:,i<r IlIgh COIlCCllI , Ii Ill' of Iht:~t: drugs. so Illay bc 'clt:l'I'cd
(' l"lIll'rge ') cllll1ll~ thaapy.
ll..e,i~lance l11ediated hy AlllpC-rypt: p-Ia('[allla~cs do nor
only occur a' the reslllt nf Ih" dl:l'l'l'r,'~sinn of chrol1\o,ol11,11I
l11elh:lted gel1cs, I'bsIlHd-lIll',hatl'd tl~lllst~rable c!:ts, .. p.
brralll,l.l'<; probablY orih'1nated III chrol1losolll. I ellryml'~ (1'0111
Eo rI,.,,«u· (as MIIl..-I.2. ACT-I), /'St'IIII"III"IIfI> (a' CMY-I,
FOX-I..!. MOX-l) ,111.1 Cilm/"'flfr (a, J3I I.-I, CMY-2. LAT-
1.2.3,·1) TIll' IInporranc(" or" rhest' broad-'pt,rtl1ll'l1 ~-lacI;lln­
IIncrrv.\lIl\g l'II7)~lll'S sholiid l10r hI' lllldere'lilll;llCd: Ciln'/Je/(/cr
jjl'll/lllii-dcnv"d AlllpC cllzyml:' h,IV" hl'l'll lound at a
\Il,:mti 'anr fre'111I:IlCy ,1""I'I:1rl'd 10 E. n,1i I'Ia,nHd, III C;rcece [51,
In !-.'t:ner.ll. till' l1\k or" 'prc."l or thl: AmpC IlIl:chanlSIll or
re\I't,IIll'l' alllollg l'llternhaetcrral ISOl.lll" I' worrisomc. For
l'x,IInl'le. Elllcrob,/aff Ir.llll' fi'cllul'llIly lSol.Hl:d (n III ITlOlISly
enlllpronllled patlClltl, 1ll.IY p"SI: :1 lhalkllgl' tel the deign of
,lltent,ltl\'C thl'l'. l l'eutlc rq:lllll'n, [(,I. III g<:l1<'r,11. Iht:r.lpy
require, :I carb,lpellcllI, Ililorolllllllololle, .IInlllOglycosldl' or
C:"rrC'I'""dlll~:lllthur .1Ilt! fl'pfll1l rc'I""'[" M :. N~(:f'l. nCI',,,,m~111
01' ~"ruhlOll'''')', R.1I1HIIl y C.lh.,1 11"'l'll.d. M.Illnd. Sp:lin
one of thc C·}' quaternary ammonium cephcllls, cd~)lrome
and cd~plme. ht:\(' rwo 1alll1\nlecuks helong to Group IV o(
the nun lhlOln!:.'1call'la '1Ik.llIon of cephalmponns alld cxhlhll
1ll.IIlY 1l1l1'on.111l propenic~: rapId l'el\l'Cr.lUOII through the
outer mt:lllhr:llle of Gr;ull-ncganv~ bacleria. ~rahlhty and low
,Jflinir)' (hIgh Km) (or Group I C'l'phalosroril];lSe~, Ingh J IIllty
1<)1' PBPs .lIld low IIlduc(lOlI porclllIal 17-':11.
Thl' cOlllbill:1tI01l of IIlcrl'a cd rl:SI [Jllce ro Amp p-
lactJma\l' .In,l l'a'" of l'l'IlI:U'JlIOIl Ihr lugh [he o.lClcnal
I:l1ve!ope providl>' a de;,r ad"antage of c,' l'P"llC on hJcrerial
'tT;llll\ h. rhorillg hoth IIle,h,ll11'1I1' of re"st. nl'l', CctOXIllIl'
n~'ISI,nH Ii. (,I, tT:lIllS .lre Irt:quemly defeCllve III O\ll<:r
memhrane proll:ins (i e. )rnI'F): ab,ence of ponrL' acrs
syneq...'1Sf1cally wlrh Amp . hyperproducnoll 111 rhe cxpr,'S'lolI
of rl'",rall('<' to P-la t.ll1l ,gl'lIlS Rl:cl'mly 'Jzouh l't :11. [101
'onlpared ditlcrl:lH .lllnhlOtlCS Oil Cdoxlllll-rC~l~{am E. ("[I.
Thl' r.lIIgt: of MIC, \Va, • ll6 pg/mL (llr amoxycithn-
dal'ulanarl', 1.5-1 (, pg/mL tor plpl', ClIlI11-t, zobacum, .J-
51_ pg/1ll1 tor ce/tazldlmc, 1.5-12 ~lg/mL or ceforaxlIne.
1-512 Ilg/rnl. f I' azrrl'onarn and onl, tI,l~ pg/rnl 101'
CC(l'1'1111e, Whcre ourer-llll'lllbr:lIll' 11I1perlllt:ablhrv (cc OXItrIl,
(,4 pg/mL) OI:XI,rS with .111 t'xtcn.!cJ <rcerrum p-Ia r.lma<e
(SHV -2), cetcpime ane! ,lzcrl'OIl.nll f'l'Ill, in the l110re 'tiVl'
"gl·nr.s (MI , 1-2 pg/mL), wht:rea~ cdt~,z.llill1le and ce/otax-
lI11e have hlgha MICs (1(1-32 I-lg/ml.),
II hOllld be srressed thar rhe lI1aJor theorencal a Ivamage of
n:phaJosponn 1Il0leclIles. 'llch as Ccfl:rllllC. over thlrd-
gel1crallon "l:ph,losponl15 IS tht:lr rclatlvdy low Jlfil11ty '01
AlllpC I:nrymcs, TllI'. means that thc Van,lm hypt'rprodllcef
populanoll I~ expectl'd Illll to bl' eleercd and, tl1U. [he
,u"'eplihiliry o( thc tnin to other ~-I. cum , III bl' pf'l'servcd
Th,'nrencally. the ,e1e 11011 of annhiollc rc Isr.11ll ,'anan
shollid occur at particular annhlOnc ,declive concemr.lClon,
Sl·lccnve COUCelllr:lIlOm arc rhose rhat l'XI'ccd the cOIl('<'nU";l-
nOlls nct'dcd to Il1hlOn thc slIsccpllole populanon (Ill Ollf <:ale.
till' rcpresscd EII/rm/'nol'r) bur do uot I'l'ach rhme mhlblllng rht'
re,istanr ".lri.III!. (rhe dcrc~prl' 'cd stram) Below Ihesc
CllU ClllrallOI1\,. decnou dOl" UOI t,lke pbce (as lilt: lusceptlble
populanon Urvl"CS), ,1I1d tilt' samc 1\ true tor hl(o:her
couecnrr.mons (as the rCSlSClIlr populatlon may be lIlhlblled)
From lht: c1ullcal pOlllt or" V1CW. It IS appropnate to know the
amihiolic Conrl:ll\ran,lIl~ar, hich thl' ,eleclIon of thc rl'SISl.ll1l
v,malll, arl' expectcd II rake pl,ln', III , rdt'r h aVlJ! as much
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:1\ pos.~lble thl: l11allltCn30\:e f the"c concentrati n in the
IIllected 'ItC. $0 pre enring the emergence of resistance during
trl:aunent. he selective antibiotic concentrations of ccfepime
~nd Cefl..1ZIUllne for a con~tltutlVC hyperproJucer variant of E.
d"<!(fl~ have bcc:n recently studied by us [II J. and the main
re~ults are ummanzcd here. We propo cd all in vitro III del
lor the bUIld-up bacterial met pc pili. tiom fter:l limited
challenge With different nobiotic 'oncentrati ns.
he theoreocal ~electJve concentrations mterva'! (the
'sc!ectlve 1V1l1dm .) for ceteazidlllle \ as I > 4~)96 Ilg/mL. It
IS expccteJ that JIlY cOllccntratlon m tillS r:mg WIll be
SIT ngly dect!vc for the hyperproducer v nam trJm.
inlll,lrly. in our experimental conditi ns. the cefcpime
electlve concentrations interval for th • hyperproduccr vari nr
was 0,12-1 (; Ilg/IllL
dt:17.Jdl.llle and cefeplme have very imiJ. r phamlaco-
kineoc parameters. With C"",~ f about 180 and 130 IlglmL
Jfter a 2 g I.V. dose (the concentrations arc r ughly
proportional [0 tile dose), and , (I/~ of I.R and 2.1 h,
respectively. For the ca c the E. r!o<!({lc m del studied in tlti.~
work. and a ter a Single 2 g i.v. dose. ceftazidime is predicted
to produce selectlve con entratlons a.Im st inUllediJtely.
wluch WIll be lIl!linr:llned for 13.8 It. In omra5t. after 2 g of
l.V. cdepmle, there I .1 penoc.l of 7.4 h above sc.lective
c ncentr:ltlon~. f 1l0weJ by cntry illt ehe selective <lrea for
13.R h. fier I H cftazidime, the imlllediate elective time
reduces from 13.H to 11.8 b. In the case f ccfcpimc, reducing
the do e from 2 co I g would decrease the selewvc-free period
aJeer IIlJeCtlO11 to 5A h. With.in I day, ehe length of the
selective peno I does not Igni6cantly chnge for I or 2 g
..-feplmc do. g . being nearly IJ.7 h 111 all ascs,
The model scudie I here pre Ii ts th t in the case of
cefclZIdlllle WIth I g or 2 g do ge every 8 r 12 h. a
onOnU0l15 selective wmdow for r' lstant EJI(crobll((er variants
should occur. /] the comrary, In the case of cer.·pime, rhe
model suggests that a therapeutic hedule based on the
mtravenous •dmiOistratlOn f 2 g every 8 h hould be only
w~':1k.1y elective r. r derepresscd Ellt/'roba fer OIut:1I1 . This
~chedule sh ult proJu e three very h rt de rive p ri cis of
0.6 hfday, bcmg the blood levcl~ III 'm ined 111 e e of the
concen . f10n electing R.Y 129,) 1- during 22.2 hid. y.
Nevertheless. with a 12-h chedule. two selective windows of
4.6 h may 0 cur every 24 h. dunng which sclecfloll 0 msi..~r:lIlt
ElllrTlJlJ(J(1tr IS expected ro oc ur. In tlle ca'C f chcdule based
on. I g dose of ccfepime every 8 h, tim:' sele tlVe period f
2.6 hid: yen be predicted. With a d ge fig every 12 h.
twO 6.6 h length dective peri ds/day ,re expected. Itl
summ ry, accordingly to thi modeJ, th' potcnti. I advantage 0
cefepulle over ceftazidime IS ba.~ed on i shorter risk period for
electlon f derepre ed cwe(obactrr mutants. h'. dvantage i
e Idem with a 2 g do ge and i p. rti 'ularly imp n::lIlt in a t.i.d.
s heduIe. In the case of the pre ence of dl'repressc'l milt ms
that were selected by cefepime H Ilg/mL (insread of 16 pg/mL
as in our model). an i.v. adrnimstration of2 gl h is expected to
cOl11pletely ~uppress the emergence of the rcsi. t:lnt popubtlon.
ertaillly the prim.1ry inrerC!'t ofccfcpimc in hospital infection.s
i..~ Its P tential 3.~ empirical mOllotherapy. Am ng ~-Iactams. and
becawe f i . spectrum of activity. ccfepime n wmpetc ro fulJil
this task With imipencm-cilastatin. Oir II (121 compared cefepime
WId, imipenem Ibstati.n as empinca.lmonotherapy in .j(}() febrile
patients Wltll shon duration nt'utropema. ckpllne sue e s was
obtained III 79'Yo of the ep Odl~. comp:lred WIth 72"1u for
lInipenem. he need of extra nti-Gram-po itive overage
(addition of a glycopeptide) ccurrcd at. similar rate for both
alltibioti .. around 20'Yo. The toxi ity even s were lower Witll
ccfepllllc (lJ"Itl) than \vitll unipenern (19%).
In some cases. monotherapy \ Ith a p-bcram drug stable to
Amp j3-lact:lm e may present the tlleorctlca.l risk ofsc.lecting
new v riallt enzyme. capable of destroying tl,e dm!::. We have
recently focllsed on thi problem (131. The aim \ a to predict
and e al\l:lte the po. ible . ppe. ranee of (/11/1' gene l1lutation(.)
JJtering the amino acid trUcmre of Amp . causing a broader
spectnlm of p-Iactam resistance. in lueling resistance to -3'
quaternary ammonium cephems. The lI111p gene cncodll1g the
MHN p-Iactamase from E. cloo fIC' was cloned and expres.~ed in
an Anlp '-defective ~train f E. (IIli. After 'halJenging thi.~ train
with efpiromc. an ampC va.ri.1lt with increased resistance [Q
cefj.Jiromc wa detccted. This vari. l1t also conferred increased
resistance t peniollin and third-generation ephalosporins.
The complete nu Icotide sequencc of the gene was deter-
mined. The deduced peptide so:: (llen e shm ed a ullIqlle
hangc with r' pc t to the \¥lld-type gene: v;llinc to glutan1l
acid. t p siri 11 318 f the Jl:ltive protcin (298 of rhe 111J1rUre
enzyme). There i a nsk tho t this type f Alllp variant may
spread among pathogeni rnicroorgani illS.
Interestlngly. ccfrazidime had MI 64 ~tgllllL (wild-type 0.5
flglntL) ag:,ullst tile st.r.Un of . (oli M.114 harb ring the vanam
enzyme. while MJ • 0 cefepime wa. 4 Ilg/mL (incre. sed fr III
0.015 IJg/mL). his ugg l!\ th.t, during hi h d s: ge cefepillle
r.reatmcl1C. the po ihlhty of these varian emerging u redu ·cd.
In Illllm ry. if omp red widl ther ~-lac illS f wide
pc tn1ln . ctivity in h . pital infections. efepimc pr bably is
among the agen with a lower risk f de tion of ba terial
reS1Sl..1llt org:tIllSI1lS.
REFERENCES
lI",h K.J.cllhv ,II. Mrdrlm< II 1II'"'rtlO".1 d""f,, """ ....hclllc (01 li-
t) -ClIlU..\M .lrIJ il' currdjuo!l \\luh mokcubr \t.llIeture. Alllmwmi A~t·"/j
(;/1t'III.,IIr, 1'1');; 39' 1211-33
2 j;u (lily Gil. led",,,,., II More <1<lc,,,lcd"pc<IM'1ll Ii-I.. "11,.", ..~"'I·
III""•• "~\"''''J (;/"",,,,(,,./ I' \II; 35: 1(,'/7-704,
I 2000 Copy,ight by the Ewopeon Society of Clinical Mlorobiology and Inf 01 oua Dlseeses. eMI. 6 (Suppl. 3). 95-07
.\ I ,\nIlHlh' !)M Ut:'l,l-I,u.. LlIll.h\.·' 111 l..hor.unrv ,111.1 ~IIIU •.ll r":"'ll ,(.1 lin,' , (.'1m
\ftln"",'/ ~1'1' PII~:;; g, :;;7 ~4
ill.'\lll.lllt·11 I., 11Ild~IIII\1 , '.ltlll..• ~ ,'I ,II (~t't'f4.11ll.1H' n.'!-=-lll.IUOI1 i·l H~
1,11f.111l.I\l' Ilhhlllltlll .ll1d 1"·l'udl.~l~t,Ht tCllUpll,I[!I l l1 h} th,,' ,trll" ")1\,'om
'-nfl'" Ill')!, 251 !lll 4
(,,1/0,,11 1\1, I/llll\TId..I~ I \. I'nll.II,lkl" I.. 1\ IlI'I.lgnu V. 1lt.'1\.'I'I~ r..
1f.1I1\ln,lhk I \.'h\\ITH1 H'''I~I,lIHl' 111 l'rUL'f11h,ll(\.·n,1 frnl1l (;r\'l'J., IUI\I'Il,d~
,IIhl I h,lfH'C ..·fl/,ltWn ,'I .. pl,l"IlI~1 11h,..h,lt ..'d (;'-(1111' I r~ !.K!.lIIU".,: rI/\ I 2)
·IUI"WIf1I!1 ,'II.."',jf. (11"""'1'101 1'''11; -In, 17\h -.,Jll
/. ',Ill. In" \\'1, 1..'IIIlt,\ .Ill. Ir Kl \h.'r Itt. l.tti...h\' of .. dC.'plllll' III ria'
Ul'llll\l'lIt LII lllfct'[Illlh dill' HI Illulu"l\' rl''C,I,t.ull bll' "II~laff 'l'l'U(.'\. (.'lUI
"'/tn I)H PJO't!. 23 -I~.l-"l
'q.~tt'III,I"'\Ul' 1I,1~h'lhll\It-:.11 .•ml .. hltll.lI.ll'l'lh,lIhHl\ llt'.tl1l·\\·.'l'l'ltllitU
l'.lH~llhr,lll":l'll.ll'~'I'lHlll 1111 \I,d J PJll", Ion 4'\" ;. I""
"C. Hr.,ll~'r t\ Nl'\\ 'l'lh~'PI"" 111 "11' iidd 01 l"'pll.llo'POIlIl" l -.1' llu,~ll·lIl.1r\'
111111111111\1111 1'·"111'11'.... 'l'ltlLlI' IV) ('JrJl \I'dl,I'''I/ lu/,';l ll)r)7; 13 (\111'1" I)'
1(,
Negri et al Antiobiolic resistance. newer cephBlosporins 1)7
') ( •.JrJlIJ. \Vll"m \\. \Vt'l{kt ~1. ( .)fler J (1,Ilmh-t-:tlh:rauuu ll'ph,;alu'pUflll".J
1..·\'ll'W ,)f~ 111 \111'"0 .llfl\'n~. pIUlll1,lLl,l..m"[ll\, ph,I1I11.ll·'lihfl.llllh.' 11~1
\hllll,~1 L1ulm, <:Im \!I,h l/!lltIIIJ!I',( p,..o, I.l t"'luprl I) H, 101
1j. t :,1101l11 ro.1. I TL lLI\'l,I,-l..I" ~ \, \. ,Hup, luI.,.... :'\( I/d...·rll i 1 f .J1I'th."r.lhl.." L IJ'\'
( IWt.ll.1 ..·I~'lll.lM'" III I '-llh.·ruhu ~\lh \lrJIIl" l,ul,uC'd In l;rl,,'b hl't\l'lt.lh Jl1l1
L11.If.I"lCn.t,ltIoll til 1\\ It 1.·1I1.... ltII.: 'JlI;tl1t\ II ,\ I -J :md I f\ I· 1 do,c-!\' n.·tu ....d
tn lu,,,h.fUt·. 1lt..'111,,11l AIllI'( '~'tJ-I,J.l.t.UHJW .I,lulU"",..../' (ll1'lIl1'IJar'T Il}'i,".
-12 ~ II) 25
11 Nq~fI M( . H,llllll'II' 1 III \mn W(,YII\l' .. \1I1(l'lIlr.1001\'\ ( ..t ~·dcp"nl.' Jlld
I d't,I/IUllIH' flH AlUpt B til l..un.I"" tl\'paplndlh n / IllllI'/.,t". , .JII,'"I'
\ ,!I 1.1111-.. elm "JUn.-IIIIl,III1ftI' I~JH .. " ~x:; M:
12 Ihrutl P. Fuhnll.IIHI t .. t111." H L·t;1 CCll"pllllt \Cr"\m 1I111pCnrlll-1.Il.1'[.UIII
.1' "111JHlh,11 1I1'Ulllthl'IJP} IH -101/ I~..hflll' p.llll"n .... \\"lIh ,hon dllt.lU011
unur0I'I.'IH.1 I Imrml,'t'/' <.'Jm,,,II",' pI')H,"2 II ~IX
I' Mnrll.. 1111 MI. l'g-n ~H , 'htll .. ill-'r 1\, B,HIIlI,~ro MIt... 1},I(tllC"nJ I . U1J/'I"l'I
I 1\11 l'~["llll('d-"p(,dnJll1 A'l1[1.( nrc ~ l.Kum,hC' t1ht,UIlC'd bv 111 \1(("
,uHlhllHil ~c.'k·, 1I~lll ',/:.\1, ,\1',1\1'1'1,1 1..11 lit4ni. 165. )0\;. 'JO
, 2000 Copvnght by lho Europoan SOCI IV of Clonlcal MicrobIology nod IntoclIOuS D,SOilS • eMI, 6 (Suppl 31. 9~91
